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In Vitro Frictional Forces Generated by Three Different Ligation Methods
Paola Gandinia; Linda Orsib; Chiara Bertoncinic; Sarah Massironid; Lorenzo Franchie
ABSTRACT
Objective: To test the hypothesis that there is no difference between the frictional forces produced
by a passive self-ligating bracket (SLB) in vitro and a conventional bracket (CB) used with two
types of elastomeric ligatures.
Materials and Method: The brackets, wires and ligation methods used in vitro were a passive
SLB and a CB used with two types of elastomeric ligatures (conventional elastomeric ligature
[CEL] and unconventional elastomeric ligatures [UEL]). The bracket ligation systems were tested
with two types of wires (0.014 super elastic nickel titanium wire and 0.019  0.025 stainless
steel wire). Resistance to sliding of the bracket/wire/ligature systems was measured with an ex-
perimental model mounted on the crosshead of an Instron testing machine with a 10 N load cell.
Each sample was tested 10 consecutive times under a dry state.
Results: Frictional forces close to 0 g were recorded in all tests with SLB and in all tests with
UEL on CB with both wire types. Resistance to sliding increased significantly (87–177 g) (P 
.05) when CEL on CB was used with both wires.
Conclusion: UELs may represent a valid alternative to passive SLBs for low-friction biomechan-
ics.
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INTRODUCTION
When sliding biomechanics are used with fixed ap-
pliances, the main force that contrasts tooth move-
ment is the frictional force developed by the interaction
of the bracket slot and the orthodontic wire. As the
efficiency of fixed appliance therapy depends on the
fraction of force delivered with respect to the force ap-
plied,1 high frictional forces resulting from the interac-
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tion between the bracket and the guiding archwire af-
fect treatment outcomes and duration in a negative
way.2–6 During orthodontic treatment with fixed appli-
ances, frictional forces should be kept to a minimum
so that lower levels of force can be applied to obtain
an optimal biological response for effective tooth
movement.7,8
Several factors can influence frictional resistance di-
rectly or indirectly. Among these factors, features of
archwire and bracket (in terms of size and material)
have been investigated extensively in relation to fric-
tion production,9–17 Methods and properties of archwire
ligation, which have an important role in generating
friction, have received limited attention in litera-
ture.6,18–24 Most investigations6,18–21 have concluded
that elastomeric modules significantly increase resis-
tance to sliding compared with stainless steel liga-
tures, especially when the latter are tied loosely.
Since the 1980s, self-ligating brackets (SLBs) have
become increasingly popular. These types of brackets
are characterized by the presence of a fourth mobile
wall that converts the slot into a tube. SLBs are
claimed to reduce friction levels in a considerable way
because they simply allow the wire to move freely into
the bracket slot. Several studies25–30 have demonstrat-
ed a significant decrease in friction by using these
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Figure 1. Unconventional elastomeric ligature.
Figure 2. Conventional elastomeric ligature.
types of brackets with a reduction in the time neces-
sary for single tooth movements.
Recently, an innovative unconventional elastomeric
ligature (Slide, Leone Orthodontic Products, Sesto
Fiorentino, Firenze, Italy) has been introduced into the
market. Once applied on conventional brackets (CBs)
this ligature is completely passive, like the labial cover
of passive SLBs; thus, it guarantees the same freedom
of sliding to the wire.31 Previous in vitro studies32,33
have shown that this unconventional elastomeric lig-
ature (UEL) is able to reduce frictional forces with re-
spect to conventional elastomeric ligatures (CEL) both
during leveling and aligning and during sliding me-
chanics.
The aim of the present in vitro study was to compare
the frictional forces produced by a passive SLB and
two types of elastomeric ligatures (UEL and CEL) on
a CB used with two types of wires (0.014 super elastic
nickel titanium [SE NiTi] wire and 0.019  0.025
stainless steel [SS] wire) in the dry state.
MATERIALS AND METHODS
In this in vitro study, two types of upper central in-
cisor brackets were used, each incorporating 17
torque and 4 angulation: a SS CB with 0.022 
0.030 nominal slot dimensions (STEP, Leone Ortho-
dontic Products) and a passive SLB with 0.022 
0.0275 nominal slot dimension (SmartClip, 3M Unitek,
Monrovia, Calif). Two types of orthodontic wires were
tested: SE NiTi and SS wires with a nominal cross-
section of 0.014 and 0.019  0.025, respectively
(Leone Orthodontic Products). These wire dimensions
were chosen because round wires of small size are
recommended during the aligning and leveling phase
of orthodontic treatment while rectangular wires of
larger size are required during the final phase of treat-
ment when a remarkable torque control is necessary.
The wires were ligated into the slots of CBs using
either CELs (silver medium mini modules with inside
diameter of 1.3 mm, outside diameter of 3.1 mm, and
thickness of 0.9 mm, Leone Orthodontic Products) or
UELs (silver medium Slide ligatures, Leone Orthodon-
tic Products) (Figures 1 through 3).
Resistance to sliding produced by the different
bracket/wire/ligature combinations were measured us-
ing a frictional testing device that was set on the cross-
head of a testing machine (Instrom 4301, Canton, MA)
with a load cell of 10 N. The experimental model con-
sisted of
— the bracket welded to a little steel bar;
— the orthodontic wire, along which the bracket could
slide, clamped to a custom-made steel support;
— the ligation method, consisting of CEL or UEL for
the CB and two lateral clips for the SLB.
This apparatus was secured to a steel support es-
pecially designed for this study, and the lower part of
the support was locked to the lower fixed clamp of the
testing machine (Figure 4).
Two little holes were present in the upper and lower
part of the steel support. These holes allowed the wire
to cross through and, once entered, it was held in
place by a simple system of screws. The base of the
bracket was welded to a steel bar that was secured to
the upper movable clamp attached to the load cell.
Care was taken to weld each bracket in a position so
that the slot was perfectly passive with respect to a
straight section of 0.0215  0.025 SS wire mounted
on the steel support.
This device allowed the bracket to move along the
wire as an axial tensile force was applied by the In-
stron’s load cell with a crosshead speed of 6 mm/min.
In the meantime, a computer connected to the testing
machine displayed a graph showing peak force vari-
ation. Each of the six bracket/wire/ligation combina-
tions was tested 10 times, with new elastomeric liga-
tures on each trial, to minimize the influence of elastic
deformation. For every traction test over a distance of
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Figure 3. Passive self-ligating bracket.
Figure 4. Friction testing apparatus.
12 mm at a speed of 6 mm/min the following frictional
forces were recorded: the maximum force needed to
move the bracket along the wire (static friction) and
the mean frictional force registered at 5 mm, at 7 mm,
and at 9 mm of movement (kinetic friction). All mea-
surements were performed under dry conditions at
room temperature of 20  2C.
Statistical analysis
Data were tested for normal distribution (Shapiro-
Wilks test). As normal distribution could not be as-
sessed for all frictional forces recorded in the different
bracket/wire/ligation combinations, descriptive statis-
tics for nonparametric tests were calculated. Differenc-
es between frictional forces produced by the different
bracket/wire/ligation combinations were compared us-
ing Kruskal-Wallis one-way analysis of variance on
ranks followed by Tukey’s post hoc test (P  .05)
(SigmaStat 3.1, Systat Software, Point Richmond,
Calif).
RESULTS
Descriptive statistics and statistical comparisons of
the frictional forces recorded in the different bracket/
wire/ligation combinations are reported in Table 1. No
statistically significant difference was found between
the frictional forces produced by SLB and by UEL on
CB when used with 0.014 SE NiTi wire and with
0.019  0.025 SS wire. All of these values were
close to 0 g (mean values ranging from 0.1 g to 1.2
g). CEL on CB coupled with both types of wires gen-
erated significantly greater static and kinetic frictional
forces with respect both to SLB and to UEL on CB
(mean values ranging from 86.7 g to 177.4 g).
DISCUSSION
The present study compared the friction generated
by a passive SLB with the frictional forces produced
by an innovative type of UEL on CB and by CEL on
CB. The results of the present investigation indicated
that both SLB and UEL on CB produced significantly
lower frictional forces compared with CEL on CB when
coupled both with .014 SE NiTi wire and with 0.019
 0.025 SS wire. These results fully agree with those
of previous studies22,24–28,30 that found that passive
SLBs generated smaller frictional forces than conven-
tional ligatures on CBs. The significant differences be-
tween SLB and CEL on CB in the current study are
very similar to those reported by Thomas et al26 and
Hain et al24 who used a single-bracket experimental
model.
Recently, an innovative UEL, manufactured with a
special polyurethane mix by injection molding (Slide),
was introduced. Once the ligature is applied on the
bracket it simulates the labial cover of a passive self-
ligating bracket, thus transforming the slot into a tube
that allows the archwire to slide freely. The results of
the present study confirm previous findings by Baccetti
and Franchi33 who reported significantly lower levels of
friction for CB with UEL compared with CB with CEL
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Table 1. Descriptive Statistics and Comparisons (ANOVA on ranks with Tukey’s post hoc test) of Frictional Forces (g)
SLB (1)
Mean Median SD Range Min Max
SF 0.014 NiTi 0.4 0.4 0.1 0.3 0.2 0.5
KF 0.014 NiTi 0.1 0.1 0.1 0.2 0.0 0.2
SF 0.019  0.025 SS 1.0 0.9 0.4 1.2 0.6 1.8
KF 0.019  0.025 SS 0.7 0.6 0.2 0.6 0.4 1.0
LFEL on CB (2)
Mean Median SD Range Min Max
SF 0.014 NiTi 0.5 0.5 0.1 0.4 0.3 0.7
KF 0.014 NiTi 0.1 0.1 0.1 0.1 0.0 0.1
SF 0.019  0.025 SS 1.2 0.9 0.9 3.0 0.6 3.6
KF 0.019  0.025 SS 0.5 0.5 0.1 0.5 0.2 0.7
CEL on CB (3)
Mean Median SD Range Min Max
SF 0.014 NiTi 119.2 92.8 81.6 280.7 63.5 344.3
KF 0.014 NiTi 86.7 85.3 24.1 75.6 57.6 133.2
SF 0.019  0.025 SS 177.4 171.9 17.4 55.4 161.1 216.5
KF 0.019  0.025 SS 155.6 153.3 18.6 57.1 135.5 192.6
Statistical Comparisons
1 vs 2
q Sig
1 vs 3
q Sig
2 vs 3
q Sig
SF 0.014 NiTi 1.132 NS 7.035 * 5.903 *
KF 0.014 NiTi 0.462 NS 6.102 * 6.564 *
SF 0.019  0.025 SS 0.063 NS 4.427 * 4.364 *
KF 0.019  0.025 SS 0.733 NS 4.165 * 4.898 *
SLB indicates self-ligating bracket; UEL, unconventional elastomeric ligature; CB, conventional bracket CEL, conventional elastomeric liga-
ture; SF, static friction; KF, kinetic friction; q, studentized range statistic; Sig, significance; NS, not significant.
* P  .05.
during sliding mechanics with 0.014 SE NiTi wire and
0.019  0.025 SS wire.
Based on the results of the present study, UELs are
able to produce significantly lower levels of frictional
forces than CEL when applied on CB; thus, UELs may
represent a valid alternative to passive self-ligating
brackets for low-friction biomechanics. One of the clin-
ical advantages that arises from the use of UELs is
that they can be placed on every type of CBs with
considerable cost reduction compared with SLBs. An-
other advantage is that the clinician can apply friction
and low-friction mechanics simultaneously on the
same archwire by using CEL and UEL only in partic-
ular segments. For example, during en masse space
closure on a rectangular stainless steel archwire,
UELs can be used in the posterior segments to reduce
friction, while CELs are used in the anterior segment
to maximize torque expression and control.
The clinical interpretation of these experimental
data, however, requires further considerations that
modulate the findings. It should be stressed that in
vitro studies cannot reproduce exactly what occurs in
vivo in the oral cavity during orthodontic tooth move-
ment. Minimal adjustments at the bracket/wire/ligature
system may significantly change frictional resistance
because of physiologic oral functions as well as the
oral tissues or food contacting the orthodontic appli-
ance. UELs may represent a valid alternative to pas-
sive SLBs for low-friction biomechanics.
CONCLUSIONS
• SLB and UEL on CB are able to produce significantly
lower frictional forces compared with CEL on CB
when coupled with .014 SE NiTi wire and with
0.019  0.025 SS wire.
REFERENCES
1. Kusy RP, Whitley JQ. Friction between different wire-brack-
et configurations and materials. Semin Orthod. 1997;3:166–
177.
2. Rossouw PE. Friction: an overview. Semin Orthod. 2003;9:
218–222.
3. Drescher D, Bourauel C, Schumacher HA. Frictional forces
between bracket and arch wire. Am J Orthod Dentofacial
Orthop. 1989;96:397–404.
4. Kapila S, Angolkar PD, Duncanson MG Jr, Nanda RS. Eval-
921FRICTION OF THREE LIGATION METHODS
Angle Orthodontist, Vol 78, No 5, 2008
uation of friction between edgewise stainless steel brackets
and orthodontic wires of four alloys. Am J Orthod Dentofa-
cial Orthop. 1990;98:100–109.
5. Downing A, McCabe J, Gordon P. A study of frictional forces
between orthodontic brackets and archwires. Br J Orthod.
1994;21:349–357.
6. Edwards GD, Davies EH, Jones SP. The ex vivo effect of
ligation technique on the static frictional resistance of stain-
less steel brackets and archwires. Br J Orthod. 1995;22:
145–153.
7. Angolkar PD, Kapila S, Duncanson MG Jr, Nanda RS. Eval-
uation of friction between ceramic brackets and orthodontic
wires of four alloys. Am J Orthod Dentofacial Orthop. 1990;
98:499–506.
8. Ogata RH, Nanda RS, Duncanson MG Jr, Sinha PK, Currier
GF. Frictional resistances in stainless steel bracket-wire
combinations with effects of vertical deflections. Am J Or-
thod Dentofacial Orthop. 1996;109:535–542.
9. Andreasen GF, Quevedo FR. Evaluation of frictional forces
in the 0.022  0.028 edgewise bracket in vitro. J Biomech.
1970;3:151–160.
10. Frank CA, Nikolai RJ. A comparative study of frictional re-
sistance between orthodontic bracket and arch wire. Am J
Orthod. 1980;78:593–609.
11. Kusy RP, Whitley JQ, Mayhew MJ, Buckthal JE. Surface
roughness of orthodontic arch wire via laser spectroscopy.
Angle Orthod. 1988;58:33–45.
12. Bednar JR, Gruendeman GW, Sandrik JL. A comparative
study of frictional forces between orthodontic brackets and
arch wires. Am J Orthod Dentofacial Orthop. 1991;100:513–
522.
13. Ireland AJ, Sheriff M, McDonald F. Effect of bracket and
wire composition on frictional forces. Eur J Orthod. 1991;
13:322–328.
14. Keith O, Jones SP, Davies EH. The influence of bracket
material, ligation force and wear on frictional resistance of
orthodontic brackets. Br J Orthod. 1993;20:109–115.
15. Loftus BP, A˚ rtun J, Nicholls JI, Alonzo TA, Stoner JA. Eval-
uation of friction during sliding tooth movement in various
bracket-archwire combinations. Am J Orthod Dentofac Or-
thop. 1999;116:336–345.
16. Kusy RP, Whitley JQ. Frictional resistance of metal-lined
ceramic brackets versus conventional stainless steel brack-
ets and development of 3-D friction maps. Angle Orthod.
2001;71:364–374.
17. Cacciafesta V, Sfondrini MF, Scribante A, Klersy C, Auric-
chio F. Evaluation of friction of conventional and metal-in-
sert ceramic brackets in various bracket-archwire combi-
nations. Am J Orthod Dentofacial Orthop. 2003;124:403–
409.
18. Hain M, Dhopatkar A, Rock P. The effect of ligation method
on friction in sliding mechanics. Am J Orthod Dentofac Or-
thop. 2003;123:416–422.
19. Khambay B, Millett D, McHugh S. Evaluation of methods of
archwire ligation on frictional resistance. Eur J Orthod.
2004;26:327–332.
20. Khambay B, Millett D, McHugh S. Archwire seating forces
produced by different ligation methods and their effect on
frictional resistance. Eur J Orthod. 2005;27:302–308.
21. Thorstenson GA, Kusy RP. Effects of ligation type and
method on the resistance to sliding of novel orthodontic
brackets with second-order angulation in the dry and wet
states. Angle Orthod. 2003;73:418–430.
22. Griffiths HS, Sherriff M, Ireland AJ. Resistance to sliding
with 3 types of elastomeric modules. Am J Orthod Dentofac
Orthop. 2005;127:670–675.
23. Chimenti C, Franchi L, Di Giuseppe MG, Lucci M. Friction
of orthodontic elastomeric ligatures with different dimen-
sions. Angle Orthod. 2005;75:421–425.
24. Hain M, Dhopatkar A, Rock P. A comparison of different
ligation methods on friction. Am J Orthod Dentofac Orthop.
2006;130:666–670.
25. Pizzoni L, Ravnholt G, Melsen B. Frictional forces related
to self-ligating brackets. Eur J Orthod. 1998;20:283–291.
26. Thomas S, Sherriff M, Birnie D. A comparative in vitro study
of the frictional characteristics of two types of self-ligating
brackets and two types of pre-adjusted edgewise brackets
tied with elastomeric ligatures. Eur J Orthod. 1998;20:589–
596.
27. Thorstenson GA, Kusy RP. Resistance to sliding of self-
ligating brackets versus conventional stainless steel twin
brackets with second-order angulation in dry and wet (sali-
va) states. Am J Orthod Dentofac Orthop. 2001;120:361–
370.
28. Cacciafesta V, Sfondrini MF, Ricciardi A, Scribante A, Kler-
sy C, Auricchio F. Evaluation of friction of stainless steel
and esthetic self-ligating brackets in various bracket-arch-
wire combinations. Am J Orthod Dentofac Orthop. 2003;
124:395–402.
29. Henao SP, Kusy RP. Frictional evaluations of dental typo-
dont models using four self-ligating designs and a conven-
tional design. Angle Orthod. 2005;75:75–85.
30. Tecco S, Festa F, Caputi S, Traini T, Di Iorio D, D’Attilio M.
Friction of conventional and self-ligating brackets using a 10
bracket model. Angle Orthod. 2005;75:1041–1045.
31. Fortini A, Lupoli M, Cacciafesta V. A new low-friction ligation
system. J Clin Orthod. 2005;39:464–470.
32. Franchi L, Baccetti T. Forces released during alignment with
a preadjusted appliance with different types of elastomeric
ligatures. Am J Orthod Dentofacial Orthop. 2006;129:687–
690.
33. Baccetti T, Franchi L. Friction produced by types of elas-
tomeric ligatures in treatment mechanics with the pread-
justed appliance. Angle Orthod. 2006;76:211–216.
